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(54) ORTHOGONAL FREQUENCY DIVISION MULTIPLEX MODULATION SIGNAL 
TRANSMISSION SYSTEM 

(57)Abstract: 

PURPOSE: To send each OFDM modulation signal at a 
maximum bit rate per a transmission frequency band by 
allocating a transmission band in a form that an adjacent 
spectrum is in contact with spectrums of each OFDM 
modulation signal and locking a symbol clock phase. 
CONSTITUTION: At first frequency intervals Af1, Af2 of 
a carrier of 1st and 2nd OFDM modulation signals are 
set equal. An interval fbfa between a maximum carrier 
frequency fa of a 1st signal and a minimum carrier 
frequency fb of a 2nd signal is selected to be an integral 
multiple of Af=Af1=Af2. A symbol clock phase of a 1st 
OFDM modulation signal and that of a 2nd OFDM 
modulation signal are locked to each other thereby 
making ideally symbol switching position of the both 
coincident with each other. Then the setting above is 
made to set a value N of NAf=fb-fa to be an integer 
being one or over, then a DFT window applied discrete 
Fourier transformation to the 1 st and 2nd OFDM 
modulation signals, then the relation of the 1st and 2nd 

OFDM modulation signals is set to be a relation as shown in figure. Thus, no interference 
disturbance is caused between them. 
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(54) [389!<D«*M *3»liSafc»S«#affiH®^eiil^SC 

(57) [fit9] 

[IA] & § feaM^ ^IS^^fli I >T«»<Oi[ £JS»& 
^SJ^fi (OFDM: Orthogonal Frequency Division 
Multiplexing) OnWfcfiiSllU F DMgSiit^ 

iWl^<oeSS*«**J0 3T, 2£lC&OFDM^p{f 



H#fF§i*cD«3B] 
^ffia^ffl^fi (OFDM) 

&s 1 ffl<oo f DM^mm^v&mftt&t vx, tutae 

j£H*»*«rt<DJ«««f i *(»5«iSaRf2 stoa$ 
SHtfittfcWtJMiT. <mSrg?l OF DMtlOTtL, 
gijO HOOF DM^M^oejtf*«i: LT> 

iaee2Sjatt*fli«rto«tt»f2 *»6«jsa»f» $t- 

OHtt»flf**a»)ST, cn^M2 0FDM^Pff^ 10 
cn^I 1 O F DM^Pfl^t3J:l>-m2 O F DM^PM 

g"<r. ?L^ttL, II OF DM^ISf^filltS 
ftftf. tU fg2 0FDM^IIII^«J&-r3}ftSc<D 
SSCfb £U Cti6«*. S'J>JIB£i&^i&Rf. > fb 

«DHfb -f. ©ffi^BuE^jjmwRiA f<omm.mt *> 

U 

•y^ttfgt. ^2o f nummm^co^^^^uy ^ 

26tcmi OFDM^IHfH§:}3<fct>'Si2 0FDM^I)i{i 
^©•tf-ifXxyT'F'gfcfc^T, gmfflijl^ioitsm 1 O 
F BM^mmm:m2 O F DMSPfa^t^U^CS 
ffiST^CtSig^^S/Nc-rS^^tc, mi OF 
DMf Iff 0->V^^D7^fiii:12 O F DMf 

[H$£ 2 ] ffiMB 2 O F D MSflWf 9<0«/.Hffi£tt 

^isssc f b tmsm i o f DM£Hm90B*aBg&ji 

&&fa tOifb - fa (Dtt^r. ^1 OFDMSliM 
ffeJ:^2 0F DMm9^«M&rS&tt£»0ja 

[B5ft>S3] **£2&B«WI«©4»fc3flMX±©0 40 
F DMSPfl^iiJO^TS. 

OFDM^Ii^?^, £3 Hl<DOFDM^f3fl^ 

SO F DM^DSffWgSpO F DM^Pfi^fc-TSi; t 
fete. 
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*-^iHi»cD(/^-rn*^ffli/^TMfss^o f DM&mm^ 

WCSfl»3l«JSWW03ai«»fc*f»Tt±, fijfBS^OF 

SO F DMSHSf Oi/y*;^n y irffif^ fufSS 
^O F DMSlS^O"»^^/'n7 ^fefglca-y^;* 

ct*»att5il*«K 2, 3©v^-rti*»k:e«o 

[lisftJi 5 ] ttnesipo f d ummmmttmrnmrn 
m$m 6 ] mm&o f d Mmmm*%<r>i/zsi£)\,? n. 

•y *te«%-5*S»Pfi**KW\ c ©»ip«^*«£ 
[W#j|? 7 ] Mfe# o f d M^ISfi^<D+J- u > ^ 

ft< fct 1 -O&u 

Cfc*W«fc-rSII#3U, 2. 3, 4, 5, 6 0^f 
[000 1] 

&3S3£^Slt!tf}-tJ^fi (OFDM: Orthogonal Frequ 
ency Division Multiplexing) ^S^-fl/IElfKjjSlC^Jfo 

[0 0 0 2] BBBOfK] *»Hlt» KsaMmk^M 

#J-tt (OFDM : Orthogonal Frequency DivisionMulti 

piexing) ^saM^oesiy^sfcgi'rst.oT?. 

fc. #0 F DM^iSfl^OX^^ h;P£0P^lc, flOT 
Ct4<, BSgrTSOF DM^P«^«DX^^ h;Wg 

tzm-e. &o f DM*w«#oeHS»i«*ft»j»> 

£ £>lcg-0 F DM^IHI^<D->:/tf;l/^n -y a 
<y?£-tf3C£lc<J:»3s S*5 0 F DM^SJM^ratii 
Cfc ft <, #X.6tlAeaUHKttHF 
RrtBftHO«*ftOOFDMan«^*»JOa 



(3) 



W7 - 2 8 3 8 0 6 



[0 0 0 3] 

Ti?Z)Vgjsm.micmLrzmmJsi$:tLT. of 

[0 0 0 4] C£>0 F DM^Ii^iOi, T/l/f+t'JT 
^P^iC© 1 «T&tK QPSK^a> 1 6QAM 
SUTSaS* 3 2 Q A MSEWSS* if©#ffi^SS^T*=& 

ffl'SSDFT^J'Ff «»7-Ux^«eO f*Jlc*5 

fii£ * fc-& & nx 5 f->* ^*fut*-> - 3 yff^fy 
[0005] ^lt, c<o*&, 2D&&mm&&&itm 

<§OFDM^aifOHIC, OFDMODBiliSatSa 20 
[0 0 0 6] 

[^^»stL<t^i:-r5^s] Lfruaane.. c©<fc 
is?, wfc, of DM&ffim*§<D&&mmmti\ m*. 

JfR 1 0 0 k H z ISt, Jt«W*W*©»&lctt, iff 
oTLS 5„ 

[0 0 0 7] *5OTtt±K©W»fc:aH», feSeSSJBtt 
RTfig&l® D S*a© O F D M8M<e?«t!l 0 ST £ C i 

[0 0 0 8] 

i6fc*?iBjtc «fc sit&NiHfe£m$meM*fi3a£&$ 

«, M#B 1 T*«, **eKJB»»»IH««ffl^"»T, *ta 
<0«S!JlljSE«»*J*« (OFDM) £H<B4»&3SS«a- 
fc, **lfflOOFDMS«fi9oea5Wi*i:LT. 13 

U giJOHBOOFDMSEiHS^O^HIHrttLT. H 
«ftfi *»&H««fi STOHSaitllWUcBWLfcJB so 



t\ Mfee&si&aaHgrtoja&a f 2 #&mvasif* 

fl*§ff Sit&tc, CtlSSlOFDM^Hi^feJ: 
tf*2 0FDMgWS*©e33S/'«7*-*©'3^ 
st)£©;i)£RraBSA f , t5»->V*Mt s , jff-FY 
/Vl-gtc ^lA^StcU UOFDM 

fe&*mjzmm$ifflm$i f . tu sg2 0F DMSimi 

igaKRfa , fb <£>Mfb - f a ©ffi^SufSaffiRW 
MA fOSEfHgffcU 3£«ffl!lfc:*5^T, II OF DM^ 
mm^<DSsls#Jl->ti-yt7tiLm£^ IS2 0 F DM^IUfl 

tern 1 o f DMmmmms&xfm2 o f dm^hm^© 
um.mmnt.m2 o f DM^is<i^i:<DKtc^i:sffis 

T^teJcSSeaSSfcS/Nc-rsJ; Ml OFDM 
$tmm*§<Di/^&>Viray?tiLm£m2 0 F DM^Hfl 

[0009] s^c, it^2T'{±. n&g i ettoit £ 

f DMmmmm<Dm>i&mmmmsL fb tmmm 1 o f 
DMmmmn<om±mmmmmmf, tosfb - f, 
vm*. mi of DMmMmms&um2 o f dm^ds 

[0 0 l 0] Sfc, Iil5|iJJ!3T*l±, m&m\ $ftl42E 

*eaia»»flf«o«f n: 3flua±«oo f dmsh«9* 

9J t> ITS c i: ^r#«Si: LT<,">5. 
[0 0 l l] Sfc, HM4fti < StsRiSK 2, 3© 

DMriifO?%> MlICOFDMril^i' 
y*;Vfnyirffiaoifi:U c©fiL*BS*Pi:&5 0 
F DM£H&9«r£¥OF DMSPfi^fc-rsttt 

u £<Dmmmmmfrt>, ^tnu^^mmm^ mm® 
fjfea^oF dm^p«^^sml, cne.osi 

^fitB^r, tulBSSPO F DMfllfOi/y^l/^ a -y 

[00 i 2] sfc, juwism n^R4(ce«goK 
sa»a^«ij^*^wfi^e^^t*5^T, sfjffis* 
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[0013] icfc fs#JS6-m, mtmi. 3<o 

[0 0 14] £fc, |S^7T'«, i^il, 2, 3. 
[0 0 15] 

mmnmn^m^x. m&<ow.&ftW8Hftm&s (of 20 
dm) g.mm*§*m&m&ic, ^sificoFDMfi 

fi ^6Mttftf2 *-p©Htt»flH**».l»>3T, £*i 
^SlOFDMtlifiU ffjOlfflOOFDMSW 
fl^oeaSflWtLT. JHttttfi f 2 ST* 

T, cMS2 0FDMgI§fi:t5i:i:fek:, cti 
&MT1 OFDMgB«*l3<fctf»2 0FDMSSI«Jt© 

*«HStt<DJB««CWIBIA f, W so 
5J&-»5ft;l/« t s . **— K-f»-/<*fitc 
^FIAMIKU Ml OFDM%Mil9««|fiE-r%«ttSI 

„ K2 0FDMS]lfll4««Mrr«mkOiB8ift 

ku cnsi^ s/hafiMsyg&s f a „ f» off 
b - fa tom^mzmmmmti rosftflr&u mm 

Wiz&^-zm 1 O F DMmSm^(Dzy>^)^oy 9Gl 

^I^ICD'y7?^ ??,ti:|SiOFDMfII^J; 40 
tffg 2 O F D M^SHI-ffiDtJ-- t£ XX U TFtyC^T, 
^{HHlc&W-SMl 0 F DMlESIflt^; t <g 2 O F DMI5 

TS^fc, |gl O F DMSSHI*§cD->:/Jft7l/*ci-y* 
fi<ii:l20FD M£3SfI*S© ~> * a -y ^ ffiffi t 

JBl^Tfflifc© O F D MSSMf^Si^ I4SOF 
D MSIMI^IHKCffiS^K: <fc Szgfi&5g5:5g££-t*3 

v«*«00 F DMaiI^*M!> ST, cnici^T so 



esi^isssc^tea^ t> m±<o t* -y h u- f- xt- u tr 

[0 0 1 6] H#552T«, gftftg 1 Ett0|g£ 

F DM£H£9Q«/hiR&ttA&& f b £ AQflB^r 1 O F 
DMXIMI^OA^dKaSiMttfkf. toifb -f. 
©1^ ^1 0FDMgfSf§9*5<J:tf^2 0FDMSia 

JB^T*tt©OFDMgflMf^«raf*«^ SfcSOF 
[0 0 1 7] Sfc, a*S3T'{4. tM&gl £*:l±2f3 

z&Mmmmm<otpic 3fflw±©o f dm^hs^* 

tf T% Bltg^PS t> g±»<0 OFD M^MI^SrfiJ K) m 
X. Cti\c*r>TG&MffimmiM1it>**(D\£yb 

[0 0 1 8] £7c, §|*«4T'W\ If^JSK 2. 3© 

icis^x, *sesiJB«a»iif«TejasstisaB»©oF 

DMgffiin^Oo-Z, 1 ICO F DM^iB<f#*^ 

F D MSIlfi^^rSiP OFD M^ilff ^ t "T 5kkfe 
{c, CtDgJpO F DM^iKi^Ojzlff^^S^jMS^t 

^mmm^-rti^m^xmmmmo f DM^m 
fi^^^^ft^nso f DMmminmco'>>^jv^a y 

^{4fflfcD-y^7^-ti-SC^tCj;f3, HsR^ K 2 , 3 

*seaiaiR»ii««*ffli#-»T«aftooFDM* 

amttftHHrto*'?, Rrft6fti»>3«*»ooFDMasi 
a^<Dtr -y h u— vxt-wjs i/wmm^7 ! i?$ii> 

[0 0 1 9] M#5I5Tt±, ii*^ 4 lCfB^<OIt 

O F DMSPft^^SufB^iMfi^^e.MfB^jMfi^^ 
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mmmm[.mmzm^x&$i<Do f Dummmmtrnz 

S*50FD M £H<I49HtCfB5?$fc: <fc 3 Sfl 
[0 0 2 0] $fc, HsJcJS 6 m$*M\, 2. 3 <D io 

?na o f d Mtiif ©->y^^n 7 ^fii%, is 

OOF DMgSHt*§5&2fSi§£\ g&SOFDM^IIHl 20 

of DM^mm^mKimr^ ctuc&iTfcmm&m. 

[00 2 1] Sftu H*JS7T'li. 2 N 3. 

sk 2, 3. 4, 5, etmmic &z&&m&WLm 

«*fflf»T**©OFDMaH«9*3g|S«*, 
O F D M£Mft WicfSSr&tc J; 

^ffiOS^ScOOFDMS^m^iiJtJST, Utile H 



[0 0 2 2] 
[SSSfifcl] 

CO F D M^H73 S<0HMiiB^> $ f\ *fmic J: 5 ft 

oT, of DM^siT^ost^c^i^Tiais-rso 

[0 0 2 3] O F DM^H^tiTyl/^+U TWISTS' 

7) «r^AWesnT^S«H«3S, MMQPSKf 
ISTsiS. 1 6 Q A MZZmtt^ 3 2 Q A M^H^sSfc if 

©£«SESre=s5©fflBresefc: j; -3 tsp LTf# e.ns 

[002 4] C©f^, O F DM©#£jM->>5}OU±:& 

sof d M©eiMfi^is^ti^tc <t o rmt>z ns. 

[0 0 2 5] 
B81] 

X (t) = SRe [C k e 12 * < f * 4r xH ] ... (l) 

k-0 K 

iu x (t) : «m t icisifzfcmmwtfiBvm 

ck : ck =ak + i bk -eS^^nSSHl-r— * 
fo : Jgl J^i&O/i&gfc 

fk : fk =k/ts T«*)^nS*k«2!«oa«» 

M-i : mfmrn^om^^ktm 

Re [o>] : tt*H»«<o*«^-r«EIB^ 

cct% (1) a*swrn«, 3*ac««»6ti*o 

[0 0 2 6] 
B&2] 



40 



50 



(6) 



Wffl¥7 - 2 8 3 8 0 6 



kH 



X <t) - 3: Re [C v e 12 * W l ) 
k-0 * 



M-l 

= S Re [C. fc o 6 \2n (f n + f. ) t) 
k-0 * 0 k 



+ 1 ♦ s 1 n <2ir (f Q + f k ) O 3 J 



10 



-SRe [(a k +ib k ) (cos \2x (f Q +f fc ) tt 



+ 1 • a i n \2n if Q + f fc ) t|] ] 

H-l 

- X: Re [a. (cos T2 « C f n + f k ) * ) ) 



+ ! b k (cos I2r (f 0 +f k ) tin 



+ i 



a k (sin (2* (f + f ) tl 3 



H-l 
k-0 



+ i • b k Cain (2jt <f Q + f fc ) t) 3 1 



[a fc -cos \2jt (f 0 -f f fc ) t} 



-b fc • a I 



n {2r (f 0 + f % ) t) ] 



C2> 



CO (2) *frSWSfrft«fc5fc:. OFDM^SSST 
[0 0 2 7] fit, 4ME38^v*;l4Wc, ±Jfibfc«i 

[oo2 8] (of DMmmtt<om&mm § 

[0 0 2 9] *t\ SWibfeOFDMSflWc-rSfteSS 

eas^>*^»mt. +tc <Dmcv«{ 

*»&r*o DFT*>>TVK90S2tt4rabS/>#7l/ffi 
[0 0 3 0] COi^ mi ncgVTjtK DFT*>^V 

FDMOI*M«liS[JB*ffl*. 2" B (ntiiEO^SO «t 



50 



[0 0 3 2] <«NlMOim> *IC. ±3£LfcO F DM 

[0033] <sof dm^shi* 

tfDFT*>^>F^(OStM>S-f. OFDM*aiB"rs 

[0 0 3 4] Cftfc#LT, DFT^VK^fflBS 
fcttKO ; >4 < £ fet^"f tl^tfilBO*^ 1 **!^: IT 

[0 0 3 5] H«Kc. 0FDM»m*2«l±, M 
Mtm^OlSltllll^ ras^fc<fcSB«tt*#« 

[0 0 3 6] fCT\ 

»8t5«SftSO F DMSBfllf OHBC^^T 
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fc* feSlfflOOFDMSIBS^ODFT^VK^O 
ffc. »»r«0FDMOT««O^>*>WiWt««« 

Aba^i^icrsfc^ ■ #©^jbwc«j: #o f dm 

[0 0 3 7] (A) S-f. 8gtSlitO2lO0FD 
MSm9«fflfllttfiIfr&. ^n^tljg 1 0 F DM^Ii 
»2 0FDM£Hflrai»P-Pfc*. ^1 OFDM 

[0 0 3 8] (B) mi OFDMa£W«^0»*«BSift 
MSfa »2 0FDMSaA9OS/J^lliaittAtt 
Sfb fc<Z>HPBf b - f a «\ ^1 OF DMS3JHI*|*5 

ctt;»2 o f Dummm^mmt^mm(ommm(om 
msimmA f = Afi =a f 2 ofiaflsft-rso -ra*> 

N • A f = f b - fa (Ntefift) 

[0039] (c) mi OFDMgaifo^y#;i/^ 
[0 0 4 0] *LT. (A) . (B) fcSVTRJE 

*ffa^\ ^^»^ (c) »cs-rN*ia±©Bfc 

if "3" icK^rSCfclCcfcoT^ ±aU;DFT»)^ 
VK^T% mi 0FDM^ISM^^m2 0FDM^Pfi 
9t*«»7-yxS«UfcJ:*, mi OFDM^Pfl 
^X^h;l/fc, !2 0FDM^lf©^^h;l/ 
1 lC7r,~rm&lcTZ>££tfT*%. ctilc^oTB 

So 

[00 4 1] m 1 O F DMSHfi^O->V5K 

-rtlffl**— F>f /^bfi<fcD/J^ <T*ltiu 02 
^■r*<^V^;l/^a^^{4fflf c nffi tD ICJSCT. 
DFT^v W*mM*GLWlc&7£? S C £ J: 0 , 

mi, m2 o f DMaw«-^HiojB«55«o»**i»^ 
[0042] ticot^, mi o f DMmmm*§<D*/ 

>#)l>?Uy?ffiB£^ m 2 O F D M%zM1^<D */ > # 

<ftD. mi. »2OFDMSaHfl90"5*. 

1 O F DMSHOTO D F T V F!>OH>k:, HI2 0 

F DMrif^^y^M^iALT^S^lC 



[0 0 4 3] Sflffl!lJC*5^Tm 1 OFDMri 

flt^O^>*;Hrny*ffi«t. m2 0FDMaP(l^ 
©^>4?;l/*n y i^ttfiiottfif fti tD «\ 

[0044] n«uc. &%fcmmm$ffi&ic3m&L±<D 

OFDMSMfi§*EIt5i^»ct>, ±aifc*ftt 
10 SWfcfCfcfccfctK #OFDM«Bm#<OiE«ftSSFOS6 

[0045] fit, **««»i:*^Ti4, $>z>fcmm 

ffimWc «*© O F D M£H4I4f£fl D^T§^^ 
MfB (C) ORffite*5^T, 88NOj|*N= 1 tVtfc 

[0 0 4 6] <#OF DMm®m j %<DZ/^&)l>t7t2yir 
ffifiODyWa>St fflg*5 0FDMSS9«*§© 
20 >- V ^ * u y >? ixL^M^ lcw>m£2>Tctblci±^ 

o^jsot^-rnjb^fflfflbTWs&so f dmsjsi«^ 

[0 0 4 7] SlOttflD^m ffiflOiVflf 

^lt, aaooFDMsaie^oifflj&ttffl-rs^ffi 

T*£t>. 0 5tC^T^<#O F DMiMM^^ 1 ey* 
(£m 1 O F DMSfffiS3b^2Sffi«nS» 1 O F DM^IS 

\m (s^oFDM^ism^) *<om 

30 om2 O F DMSfi^-mn O F D M&fi/glCfufdm 1 
OFDMiii^§§?^ COSlOFDMfSi 

2 O F DMMfi^-^n O F DM3lflS^6Sf(i«nS 
m 2 O F D M^|gm^-m n O F D MSIflfi^O > 

[004 8]S2OfiiP9>Stttt, ^6^-Tftl< 

7 ic is-ran < m i o f d M^m^-m n o f d himmm 

40 |^(D10, SfctiCtl&mi OFDMjgfl^-mnOF 
Tm 1 O F DMSfl^-mn O F DM3l«Sfr63aS«S 

nsm i o f d M^pfi^-m n o f d M^md^ t m 

i:s/v*;bU- h^HoQPS K^lHTSraaifTgSIL 

n*ffia«iwi«i: brass**, m 1 o f dm^ 
-mno f DM&mmic&^Tm&mmmm*& 

mzm^tiLmtLT, cnzmi of DMmmm~mn 

so OFDMiJIff^^M^tlSmi OFDM^IHfl^ 
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[0 0 4 9] ^LT. cWSl . S2 0ffiffiny^55' 
ffifccfctK i/>5K^^Dy^fflffl^T*4<. mi OF 

DMmmm-mn o f dmsiwwo^v^u yWDy 

[0 0 5 0] <HWfl«<0«&*> C <D J; -5 IC £ <Dmtf&ffllC 
?Z>J&X\ «-0FDMglH«^©eS6»«*liJt)STx 
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